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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain good 
characteristic in output value, output waveform and pit 
error rate as a magnetoresistive element and as a 
magnetoresistive sensor using this element, a 
magnetoresistance detecting system and a magnetic 
memory system, and also to obtain good characteristic in 
thermal reliability as well. 

SOLUTION: This element is one formed by laminating in 
the order a base layer 101, an NiFe layer 102, a 
non-magnetic layer 104, a fixed magnetic layer 106, an 
antiferromagnetic layer 107 and a protective layer 108 
on a base body 100. The layer 108 consists of a metallic 
layer or the film thickness of 2 nm or thicker to 7 nm 
or thinner. A metal used for the metallic layer which is 
used for the protective layer includes for example Ti, 
V, Cr, Co, Cu, Zn, Y, Zr, Nb. Mo, Tc. Ru. Rh, Pd, Ag, 
Hf. Ta, W. Re. Os, Ir, Pt or Au. 
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(54) [5e*%cD&m KKM^r^t^n^ffi^^^SK^tyf, «*«fitl*UiV^^ .fc&WB«Eig'>* 
(57) [S&] 

[SMI] B«Stt»**ftLt, JfcWc::ft«:fl§^ 

O ±\Z % Ti&m 101, N i- F e JB .1 0 2 . #S£i±Ji 1 

0 4 . HSfiSte/I 10 6, K&flSttJi 1 O 7 &XJH%mM- 

1 0 8 dspR9:ff3^ s tL7t i><DX'hZ 0 rLT, &SS 1 

0 8 i±, 2 n m»i^O 7 n m£*T<0Rff<p£Ka»&.>fe 
5o «WBO&B»*\ Ti, V. Cr, Co, 

Cu, Zn, Y". Zr, Nb, Mo, Tc, Ru, R 
h, P d , Ag, Hf, T a , W, Re. Os, I r , 
P t X^Aut-fe5o 




lOaCfifflWT 

l67(Sa«ft» 

106(BSK£JB) 

105(MRXi/A>XS) 
104C#B£JB) 

102MJ y.v'-a&m 
ioinF«i) 

100(S#) 



t 



SlJ££&SJif4, 2 nm«J:ii07 n m.UT<r>&&<D&E. 

[IS** 2] fflTC»HJI«>&lk». Ti. V, Cr, 

Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, R 
u, Rh, Pd. Ag, Hf, Ta, W, Re, Os, 
I r, P t&O^Au^fr5$M>£S«cftfc*#XI4 

[in** 3] mmm. #8ttJi« «tt«at/s5*BStt 

SftEtftffiS »i; 2 n m«±i>0 7 n mttT©RJf<S8ft; 
8ir£«SJif4, 2nm6l±)1^7nmaTroIf© > i 

<t«B tmik<&>t <o®,-&mi» hfizzt k -i-s » « 

(11*116] flSttJB, ^Ki, KttSSt/SSSKtt 
rnl&.&mm\-i. 2 nm»li>o7 nmtlTflMT* 

[18**7] rasa, ^Ki£ji.'ettJi&trK3iett 

SntE^lg^fi. 2 nm«±*>o7 nmWTOIglfffe 
gdscwi(HX»4w©>£©!iEic8Ug£ix* Hic-.n.<b<D± 

BiifeiStgJiti. 2nmBlA>07nmWTOKSt-fe 
<&i<rjfe&®} t <o ~ m *>* h ta & z\ b £r#i» b + 5 eUfiK 



(2) «fM¥l 0-313138 

2 

[IS** 9] HuE»£Ji<Z)»rtk«»»4, Si. A 1 ; T 
iXiiTa^K^-CfeS, IS** 3, 5, 6X14 8 £ 

[is** i o ] DtreftBJiosittttt, si. a i , 

T i XliT a WHt^)t?fe5, fS**4, 5, 7X148 
EttOBftMSffiSbJIt*?. 
[sS**ll] 8trE«a«:?>^:*»±, Ta, Hf, Z 
r , W, C r , T i , M o , P t,..Ni, I r , C u , 
Ag, Co, Zn, Ru, Re, Au', Os, Pd, N 

io b, \'Rx*Y»><bt£zm*bmiR£}xtcmftxn-&.± 

<Z>£-:£-efe£u ii**6, 7XI±8fE®<Offi-aiSStSb^: 

&t«S*1Stt«J***iWftWi *F*iT*» 9 , ffj£T-> 
-A- KJSI4X* — WkcFixTii 9 . D(rffi«55lgSta*3S 

>^3*vc*s 9 «fc 3 

. «rr^JiXtfT*«Jia»iH»Wi*ixr*J9, rmTS 
^atfWEBfcSttabJMi-?^^** f rjist? 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10X1411E 
[R««l3] SKiKTV-A^KJi. T^-^rf^Ji 

&tfssa»8ta**?-a*iR»Wisn-c*9» met-v 

— KB \i'<fi - ^it S 9 , M£S*5a*gl5t&£:iif 
* - ^-fk $ tixte 9 -5-«o±«SJfc— «5S ft 5 <fc 5 K 
S>'<-rr^^ J RU : TSffiSri 5 li|S^aJi$tLTis9, ceo 

Jfil, 2, 3, 4, 5, 6, 7, 8, 9. lOXttll 

lis** i 4 ] is** 12X1*13 Eerossegfita 

40 [fS**15] -r— *ESkO7t*t>03lSgc<!<Z> 1-7 

££e$-frSfcft<0«:SE»->.*^-A£, IS**1 4E 

— ^ i: «r« *. fe«*E« A. 
[00 0 1 ] 

50 [H^OJg-f-5!$W»g] *«WI4, ejKE«ME»i=e 
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* f 1 a ^ rjmZL E« > * ^ ^ » - 83 + £ „ 

[0 0 0 2] 

t$*ft8fi:LT. B^SSt (MR) irv 

BlaSfct (AMR) J»*K:*<J^-C»f|5-t-So AMRSb 
*Oi 9»UV^BtW(i % D. A. h^yy (Thomp 
son) §C0SJ "M emory, Storage, a 
nd Related Applications"! 
EEE Trans, on Mag. MAG —11, 
p. 1039 (1 9 7 5) tctB<8£^T^£o AMRSb 

-rr^HOftfftltFeMn, NiMn. ~ 3/ 
[0 0 0 3] £ £>t::ftffik:tf\ S/iB^ir^irO&fitS 

33 9* AMRa^flJffl+SirVirTtfiSSSft* J: 9 
[0 0 0 4] «fW¥2- 6 1 "5 7 2^«tCfi. Bt&i- 

OB* k <z>E Wr SB*J tc £ o T £ £ a B5 v^M R 3Eft: * 
*T«6fc*t**£:L-C, ±E^*«cW:&«ttOW££«;&T/ 

S'>ft< fct>-jio3aB^^-;&fcEMBi^*mo 

[0 0 0 5] #F&fl^4- 3 5 8 3 1 0-^«UCfc3\ #B 

»«oBfcJ5rrtl*siKXU 2oo#»g'3*BtttWlW 
OgRai 2 ooaoBit^fpJBBOAa^ffilcltffJ It 
SMfcU *^*«riBSa«<Z)3EriSitttast/j:. MR-fc 
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[0 0 0 6] 4#B8¥6 - 2 0 3 3 4 O^^fCfi, #B 
tt&«#»*>SMSUB T*#ffi $ itfc 2 oO&Bteffro»& 

[0 00 7] «fH¥7 - 2 6 2 5 2 .fly 

. Bi«yi/#B&® /m 2 m^/zi&m&mcDm&zm - 

-*-5^tr^</u^&oJT. #fc:Jgl&tf»2BttJllC 
CoZrNb, CoZrMo, FeSiAU FeS 
10 i, NiF eXfiwixtCC r . Mn, Pt, Ni, C 
u, Ag, AK Ti, Fe. C o , . Z n 4:SJD UfcW 

[0 0 0 8] £S±tc#BttJi£^LT«/I Lfctttt© 
Btt»Btt>6*9* #Btt*««rfrLTR»9*3-#o 

0^^4:Hc2 £L7t<h#tC, Hc2 <Hrtfc5B 
«16Sl»*JB«c33^T\ ffieE»«ttf«3N iO, Co 
CX FeO, Fe 2 0 3 ,MnO, C r <to'pt£< ttl 

fita^BI^»Sa^7 - 2 0 2 2 9 2^aicB,T$tit 

BteffcaSN i O, Nix Co i-x O * Co O^feStflX 
54>fc< ifc2ad>6*S«»T-t?fcftrt«:»»4:-*- 
SB«Jgffi3b*BWK 6-2 1 4 8 3 7 

a'^l¥6- 2 6 9 5 2 4^&«lcg8*T£;ft,T^5o £ 
fc, mja5coB^SSSb^:Ktc^v>-c, WERifiBttflrts 
NiO, Ni»Coi-xO= (x = 0. 1—0. 9)', 
C oOa>6Sfift5'>ft< i:t)2S3^^5g^tfc 
30 9, ^Og&f tON i tOC o IC^ttSS^StS^ 1 . 

?7-l 1 3 5 4^«(£§B3*SiX-Oo5. Sfc, fluiS 

<oB*««:a*«^*5v^T, WEs»astt«cdSN i o± 

ICCoOJtI 0j&>?>4 0^>^ ho- AfBJSLjfcZJI 

- 1 3 6 6 7 0*4i«Kl>*£iVC^5o 
[0 0 0 9] 

40 B&J§/Btte/#BteS/Bi£S/ £ ^ 5 . 
ct 9 s^os^^^iki^-r^c i 9 , Xftlt^Bff 

He x^BStfifiCSfK?i'(MR]t) 35{g7r LTV N7t e - 
<75^Y^coB^SfitSb^:*^T-»i, S^BttS^^SS 
• Btt»^JDSlx^tftg^B»«:»5fc»4c, 2 0.0 

gi L/J:v^^w f ^OK»B^^*fflv^fc»&lcl^^r^■c 

50 Kffi(oi/y^ naifcia^^-cfe*), rcoxm 
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[0 0 10] {&3JS<fcUT&R*;8^;t©-S\ g| 

[ooi i ] **mob6«jh. as^igfitasrSi^^ai 

[0012] 

[0013] ^iS^i^^^ffl^rc^fi^lg^^^'l: 
[ooi4] «i<b«i^afbifc»4. — ttic*Rttfc#w« 

M^5>mr^£ ~t\z£ r <b 

— * KKig^^r&xatc&^-c, *ajcBJe*<©e«}s 

Hex. *#fcMRJt* SW5 47!)-8tt«(OHc 

[0015] taru »{t4fc*aft«itt. /m&m/ft 
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£>S 0 cco^ll. ±Ea-yht«Mfc*Xli»t*t 
[0 0 16] £LLfCj;<9. lt. 3fc 

[0017] 

[0018] mi oasftjgfita^-fe^-^-ctt. s« 1 ± 

20 tcTV-^U-Kif 2, T#x-**l*3* 

T*>- AK«2*4H3ft*#Sfc7 
thu^h (PR) xa(ci9x<# — ^b**tsr 4: 

So •rco±tc±^^i/^ , g8atJ ; ±^-AKg9^«i9: 

[0 0 19] H2 0fl£«8Sta*ir^-Ctt. Sffil 1 
30 ±IC7*>-^K11 2. T^t^Sl 3, 8£«16fita 

tsicpRxatct tt^\ m 
*8aa**fi 6»4PRxa»cj:Daa**ts** 

».'<>rr^jBi 4^tssii 5 3&siiirr««s*it^ 

So -rO±{c±*-y -xT'JB 1 8Wi:y-^K@l 9 as 

[0 0 2 0] Bl&tfS^O^TV^ T^-AKI^: 
LTi4, NiFe. CoZr, CoFeB, CoZrM 
40 o, CoZrNb, CoZr, CoZrTa, CoH 
f , CoTa, CoTaHf, CoNbHf. CoZr 
N b % CoHfPd, CoTaZrNb, CoZrMo 
N i FeAISi, Bfc«3R*tfW«:ffi^S - t 

s5T'#. ^C0fll/?f4 0 . 3-10/1 mCOeST'gffl^St: 
T** S'T'Jltt* 7/U;t, S i 0 2 . MffcT 

/u Sitis!) ^nvK7^^^-^ 

V-W^affl^fig-Cfc?). 0. 0 1-0. 20/imKfaT- 
OttfflaSS*UV\ TSffi®iLTi4, Zr, Ta, M 

o»»fc45*»xi4*Ax*4a*«dsa*u< . as^se 

50 ffli4 0. 01—0. 10^maUV\ S-'^T^IH 
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T(4, CoCrPt, CoCr. CoPt. CoCrT 
a. F e M n . NiMn, I r M n . PtPdMn, R 
eMn. PtMn, CrMn. N i B&1b&« &&it®l. 
N i ffiHbtt t C o BMbtt^ft-frfiU N i Kfb#5 iFeS 
N i mit&ZC o»<t«l— JBBL Ni8 

yu =: - r> A\ S-fbv' LI -a ^-y^-Y^f ^ 

v^»saffl'5rjig-e&9, o. 005-0. os^mei 

02 , S<b7VU5: = £i*, llk'>'J=^ -t^-V K 
*K:^j6SBffl^rS&"Cfc0. 0. 0 1—0. 2 

0 /x miit'^ffl^g? UV\ ±->— /U KJfldii, N 

1 F e . C o Z r , Xt4C o F e B , C o Z r M o . C 
o Z r Nb , C o Z r . C o Z r T a . CoHf, Co 
Ta. CoTaHf, CoNbHf. CoZrNb, C 
o H f P d , CoTaZrNb, CoZrMoNi^ 

FeAISi, 2{b«»tt»**ffl^^-5w4:as-e 

^com&teo. 3 — 1 0 //m<^®isr*3@ffi"5jB&T-fc 

[0 0 2 1 ] rtKb^v— KffioaSfilfifitaS-ir^f- 

mxs&xAm^i/ k *HE»fcJB^-cfc 

[0 0 2 2} KAW±^y Ktt. S(*5 0±ICT»">— 
^KH8 2, B*»tt»**^4 5&tf*ffi4 0, ±Sfl 

4. 3-<^4 l , Jb»Btt«8 4d>645E»^y Ki 
*«3f£U-C*5o COBR. KJR8 1 iTSBK 

ttJB8 4 i4r*iilcL-CfcA>*i3^\ rcoi£^£^ 
* Ktc£<9, E»«*±fc«*«:«#&** Eft 

[0 0 2 3] 0 4tt*«9B«O«»16a:»**-?-«:ffl^^fc 
«*E»S£RK<©tt£Bt?fcS. 

«4 0«rJB/SU rn«r««E*«*9 i±jrfitB** 
LT^^rft^o iKg£^l(f9 1 HEIEU ~*s> 
7-< 9 0»4ttftEftfflEfr9 1<D±£. 0. 2 /i m« 

i 9 , BfifiStSbKX-T' 4 5 KKXEIftiKft 9 l 
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[00 24] EI 5 1 2 tt*«ni::tt*K«i&&ta> 

-rtt, Sftl 00±tC, T*»l OKll 
1102, #S£ttJI 10 4. MRxy^y^i 10 5. 

10 6, K&i&teJi 1 0 7 &tf«»JI 1 0 8 

14. Sfti 0 0±lc. TlfeSl 0 1, « l- 7 y -HBtt* 
10 102,g27'J — KttJI 10 3, #8*&JI 1 0 4 , M 

Rxy^y^I 10 5, H^fittJB 106. E&EttJf 
1 0 7&tMH»Bl 0 8«r«fcSWLfc«iS-CS>S. H 
7 <D«*«8i;»*aW4* IfflOO _bic. T*» 1 0 
l . -iS£t±JI 102, 104. 158 

itgioe, SttKttJS i o 7 &t«SKH l o 8 

i o o ±[c. T«i® ioi, mi?v — 102, 

I27U — IBttJB 10 3, #8£te/f 1 0 4 , 

10 6, K5£S*tt/i 107 AcfftSS i o 8 £PK9:1SJi 

20 L7t*i§-CfeSe B9©8«jfittai**flt Stt^l 0 

0 ±ic TifeJB ioi. 107. mfc&ttm 

10 6, MRxy^y^I 105. ^feS 104, g 

1 7y-8tti t i o 2&t^«BJBi o 8 ^Wi^S/iUTt 

»iST-&5. b i o^ftsstasRT-n. s*i o o 

±tc. Tife^ 10 1. EHA&tem 10 7, 1 
0 6 , MR^^^> / ^® 10 5. #8~i±J§ 104. g2 

7 y -ssttJB 103. ii7y i o 2 ^o 1 ^^ 

I108 ^«S»:a^ Lfc«»-C&5. BI 1 1 oefilSSt 
Sb**^f4. S#l 0 0±(C. Tlfiill 0 1. K£Btt 
30 1107, H^ttil 10 6, #&tfim 104, S17 

y -&\±m 1 0 2 &^»b® 1 0 8 u^^is 
-cfeSo hi 2o«*»a:a**^», 1*1001 
ir. rmm 101, s^^*^ 107, ssetii 1 0 
6 . #&&m 104. m 2 7 y -a*ttJB 103, S17 
y -Bitii 1 0 2 liyfts/i 1 0 8 £®&sJi l Ttsis 

[0 0 2 5] T«JB4"UTtt, 2SW±O^JK, 
tC!4. Ta, Hf, Zr,W, Cr, T i . Mo. P 
t. Ni. Ir, Cu, Ag, Co, Zn, Ru, R 
40 h. Re. Au, Os, P d , Nb, V?^645#i 
JH£ffl^5o ^JX.J4. 0. 2 — 6. OnmOTa. 0. 

2 — 1. 5 nmCOH f , XftO. 2 — 2. SnmOZr 

I r7. y -^Btti&^i 2 7 y -Btti 1 1 

Tit, NiFe, CoFe, NiFeCo, FeCo, 
CoFeB, CoZrMo, CoZrNb, CoZr. 
CoZrTa, CoHf. CoTa, CoTaHf, C 
oNbHf, CoZrNb, CoHf Pd, CoTaZ 
rNb, C o Z r M o N i tiXlir *^7r ^Stttt 
ft*:m*<^Z>Z. k&V%Zo mm±\ — l 0 nmSIi s i 
50 S-C-fe9. S*U< tt, 0. l-5nmgf^iSt'fc 
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5« #KttJBt'LTttCu. CuCl-20a t%SI 
OAg *jgJraLJfct*$k Cui:i-20a t%gI<^)R 
e 4r»»DLfctt£k Cu-Au^M|V^:t^t'J 

LTttC o , NiFeCo, FeCo^, 3U±C o F e 
B , CoZrMo, CoZrNb, CoZr. CoZr 
T a . CoHf, CoTa. CoTaHf, CoNbH 
f, CoZrNb, CoHfPd. CoTaZrNb, 
CoZrMoNi &&JLi±T r ^ttW** £ /8 V > 

5 0 IHSliO. 5-5nmSSfl 5 StU\ MRxy^ 

/BWc^KJfc^TS^FMR 

ffi*-*-*. B3fcttttBi:L"Ctt* Co, Ni. F e «r^< 

Ji<h UTte^ FeMn. NiMn, I r Mn, PtPd 
Mn, ReMn. P tMn, CrMn. N i ISffc^* F 
e ttfcft * N i ttfcfe A: C o HMfctt^R-frtt* N i Sfe<L 
<fe£F e»<fcfe<Z>S<&4*U NiM^/Cogft^Zl 

jr. n i mtm/F emt^—mm^t'^m^^^ t& 
[0026] ftSSj:}iti±, : "»{h:ft, affcft* 

i, V, Cr, Co, Cu, Zn, Y, Zr, Nb, M 
o, Tc, Ru, Rh, Pd, Ag, Hf, Ta, W, 
Re, Os, I r, P t RXfiA u £> Z> Wa^feiStfiX 

iLtlt Si, Al, T i XttT a AXf&fc 

f , Zr, W, Cr, T i , Mo, Pt, Ni, I r . 
Cu, Ag, Co, Zn, Ru, Re, A u , Os, P 
d, Nb, V&t/Y^fe*5W}a^*41xfc*»XttZ. 

[0 0 2 7] 

\z % B5o«rii<z)as*»aa**^ic*5v^T, cam* 

[0 0 2 8] Iff 1 0 0^1?$ 1. lmm<7)3--y/ 
7 0 5 9/^7^1^ Ti£ll0 1lC3. 0 nmOT 
a , Ml 7V— &fefE 1 0 2tC8. OnmONiaiF'e 

19 > (a t%. !9j«JKi-S8R<o^ — ¥ y hm 

Co ) , #fl*t£Ji 1 0 4 l£ 2 . 8nmOCu. MRxy 
s^ls 1 0 5 ICO. 4 nmCOC o 9 oF e io (a t 
%) , BSBSttfi 1 0 6 nm^N i sl F e 

l9 ( a t %) . 53$ fl£t£Ji 1 0 7 IC 2 0 n m<D F e 50 M 
n 30 (a t%) £fflWc e SaBttil:FeMn$ffl^ 
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"CW*u\, r^8*. 7!J-aSttJBo«e*i . oo 

#He x 5 2 0O e , MRJt5. 2%j6S»&tlfc. C0> 
K««St»*Sf-?-*c#U 2 7 0°C, SflFMOJRJflrS* 
ffo7t 0 Hexli5 2 0Oe^2 8 0Oe 

KfiTU ^ftMRVt\t5. 2%fo<b2. 8%lC{6TL 

10 H e xOfiTHF eMnM^CiS t»^>T*fe 

So 

[0 0 2 9] gft 100 tCff £ 1 . 1 mm02--V^ 
7 0 5 9^7^16, 0 nmOT 

a, gl ^'Lf—^iiS 1 0 2\C8. OnmONieiFe 
1S (a t %) o 1 0 4IC2. 8 nmOCu, M 

Rxy/>y^i 1 0 5 IC 0 . 4 nmCDC OsoF e X o (a 
t%) , BEflstt/B 1 0 6fc2. 6 nmCON i siF e 19 

(a t%) , K3fi«ttJll 0 7*c«/r0»»«rfflu^ 0 
K&B£ttJi 6 B £f£teJI (c ^Jftft-^* i^HlJp £ fl 5 «t 
20 9 IC^-£fc£>lC, X 1 0" 6 t o r r + 

(c^o^T, E3 1 3 ^^-J--tax-? J ix(7?iSJK-c, 5B*WJojR 

cti/^I iASi3A»5o MRlta5{gv>OJi x Cu^^:^ 

LTU^5i:**.6n4*S. H e x (0«TfiSa«SttJlO 

30 [0 0 3 0] ^sqqoB-ASASbAX'T-OKWtt 

[00 3 1] i5 oWrtoasJKffigtaSR-flcfcv^T. 
l(flp01Clf$l. lmm«03-=y/7 0 5 9^7 
^SE, T*JBl0 1lC3. OnmOTa, %\yy — 
KttSl 0 2 1C8. 0 nmON i 8l Fe 19 (a t %) . 
^^tt® 1 0 4 2. 8 nmOCu, MRxy^y^f 
1 0 5 \Z0 . 4 nm^C o 90 F e io (a t %) % B^S 
fflil 0 6tC2. 6 nmCON i 81 F e 19 ( a t %) , S 
1 0 7 (C 2 0 nmON i «MIl^$^fflV^, 
40 m 1 0 8 ICttH 1 4 7!?S@ 1 6 IC^-t"S^^/Hi?OS/r 

^^»^^fflv>7t 0 K»«ttB^foBSKtt»lc«* 
l0" 6 Tor rOSSfi;^^, 2 7 0t, 5 NfPo^^ 

(Oe) % 2?»l@35MRtt: (%) , 3 5»JSiSHex (O 

/c 0 MRfcli^i s nco«-r4(c^u>-ct^Sl^iIIi?^±^- 

50 \Cthfo^i£'Pl>?Zo Biff 3*7 nm^i^MRltli 
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*5*5tr*aft»lwfiTU MRJfct^3S^^b<&^/i<z> 
JBB5I±7 nmWSStfei: iiSto^So Hexli 

i?^2 nm«±-CJttiWiBv>ttiS#&*t-C*3!!). Hex 

1 1/ > 5 «J<&a» 6 li 2 n m^±d5@ St'feSwt 

£ Q 7!)-8tt)|OHc, MRik&tfHexOV^tit 

[0 0 3 2] B 5 CD«/«^^}g}5t?a^:S^^^^T. 
g# 10 0 ICj$:$ 1 . 1 mm03--y^7 0 5 9^7 
Ti&H 1 0 1 iC 3 . 0 nmOT a x Sl7!)- 
KttJl 1 0 2IC8. 0 nm^N i 8 iFe l9 (a t %) . 
#St£Jf 1 0 4 iC 2 . 8 nmOC u, MR^-^'^XB 

1 0 5 |C4. 0 nmOC o so F e io (a t %) . 
&m 1 0 6 IC 2 . 6 n m<£> N i si F e i* (a t %) , S 
3Sfl£ttJi 1 0 7 (C 2 0 nmCDN i * 6 Mn 34 ^l\ ftfil 
1108 \Z\*m 1 7 Ic^^ffi* GD$t*Sf (JRffttS 0 n 
m) «r«v^ 0 K9t«ttJI^&B£«i£il^S!«»«e 
»asfflip£ft5 /£ill(£lc2 x i o~ 6 

Tor rOS^lC^^t, 2 7 0t, 5 B*Pfl£>IR*k3 

[0033] ms o«/5R<7)a£«lggLa**■=F■^c*5v^T. 

gffcl 0 0iC/?$ 1 . 1 mm<7)--^>'^7 0 5 9 tfy 
TiftJl 1 0 1 IC 3 . 0 nmCOT a . Ml 7 V — 
SSttJi 1 02IC8. 0 nmON i si F e i© (a t %) , 
#mt±m 1 0 4 2 . 8 nmOC u, MRxy^y^l 
1 0 5 ICO. 4 nmOC o so F e 1Q (a t %) , 
ttJf 10 6 IC 2. 6nmWNi 8 iFei9 (a t%) , S 
1 07IC20 nm<^N i «Mn {fcg 
Si 0 8fCI*(2!l 8 lC*-r*A*»HJS (3nm) tA 
lttfcttGMBA (5 0nm) £0>«B-MR4rffl^fc. 

SfeBttB a> fc H S^ttii lc SE*3BF-frS8.ff is^ijn S ix 5 £ 

5t--t-57t^lc x ricJRgltC2 X l 0" 8 To r r 
Ic^i^T. 2 7 0°C. 5«PW<Z>5R»a«r*BUfco 

#<ois*h±*:is i 8 fc^-r 0 ftBS^A i mt&umn 

iiffiffcASStv^s. He x*4l££A/£oW*»tcj8V^:fc# 

[0 0 3 4] 0 5 0«J«<DaS«»tta**-T■lC*5V^T. 
£fr 1 0 0lCff£ 1 . 1 mmO=i-^y^7 0 5 9^7 
*£&* Tifi/S 1 0 1 l: 3 . 0 nm<DT a , §1711- 
^ttJI 1 0 2IC8. 0 nm<7)N i 8 i F e t9 ( a t %) , 
#&t±Ji 1 0 4IC2, 8nm<E>Cu, MRx^^l 

1 0 5 ICO. 4 nm<OC o 90 F e io (a t %) . 
ttJB 1 0 6IC 2. 6 nmON i ei F e i» (a t %) , 5 
Siftl 1 0 7 I: 2 0 n mON i 45 M n w^ffl^, RK 
«10 8ICliTaft«i (3nm) i 0 1 9 1CtjW-#& 
KftaJB (5 0nm) £ Ogi ZJBBSSrflS^fco TaR 
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£>7t*MC. /&JS&IC2 X 1 O^To r r ©KS+lC**^ 
T. 2 7 0t, 5B*rao*M&3*J6Lfco rco££<£>IS 

[0 0 3 5] ms<Dm&<Dmfzm.&$)&m*\z&\,^x. 

£{fc 1 0 0lCff£ 1 . 1 mm^3-ny^7 0 5 9 H=7 
*£E. TifcJI 101IC3. 0 nmOT a % Il7!)- 
fiSttJB 1 0 2 IC 8 . On mON i 8l Fe 19 (a t %) . 
#KteJH l"o 4IC2. 8nmWCu, MRxy^y^g 
10 1 0 5 ICO. 4 nm<£>C o 90 F e io (a t %) „ BlEfls 
teJf 1 0 6 IC 2. 6 nmCDN i siF e i* (a t %) , R 
1 0 7 IC 2 0 nmON i 46Mn 5 4lrffiV\ fi&g-. 
J| 1 0 8tCH:Ta««Ji (3 nm) ^AlgltMSI 
(Xnm) £<aSJIZJ5flS£ffl^fco TaftBJiASNi 
Mnlt8t5i 5lcffl^Tfc5 e E3*HEttJl*»&B£ 

tcx&*s^«£i?- ds^i an £ n 5 i 5 ic-r £ * ic , 

/&/H&IC2 x l 0" 6 To r r 0>K£+lCjbM^T. 270 
<k # CO^^^rS 2 0 ICtf-^ 0 7y-lSttl^HcllA 
0«HexH B»<0±#lCifc^^*L, JK«iS3 0 

[0036] §5 o«^coeftigst^a** ; Flc*5v^T, 

1 0 OIC/1^ 1 . 1 mm^3~^^7 0 5 9 tf=7 
^Sffi. TifiJBl 0 1 IC3. 0 nmCOTa, gl7!J- 
KttJB 1 0 2 IC 8 . 0 nmCON i 8 iFe l9 (a t %) , 
^^t±S 1 0 4 IC 2 . 8nmC0Cu, MRxy/^i 
1 0 5 IC 0 . 4 n m<D Co M F e io (a t %) , SI^Sk 
ttS 1 0 6 IC 2 . 6 n m<^N i 8 iFei 9 (at%) , g 
30 Si^ttS 1 0 7 IC2 0 nmON i , 6 Mn M ^ffli/\ &B 
Ji 1 0 8lCliTa^SI® (Xnm) i A 1 ^{^^9?® 
(5 0nm) btD&m—WSt&m^tto Ta^gf^N 
iMnltatSJ: plcffl^TfcSo KSMB&JId'&B 
^i±S ic^^ffi^^fpaa Six5J:5lc-f57t* 

IC % ^cJRglC2 X 1 0-*To r r OX3S+|C*5l^'C\ 2 
7 0t, 5WFPiBOSS«ka*t£Ufco TaSHI/?$rS^7t 
i S Ogg?#t±€rS 2 1 fc^-f 0 ^y— ^ttS^HcliT 
aSOBIffilCiff !5l?-STfeo7t 0 MRitH, Ta 
JKffiaSS. 0 nm4-CJ£ff— S"t?fc5d^ 7. Onmti 
40 ±T*l±«^-f e(Sr^^r^L7to ClixH, TaJf^OSSK 
O^ffilCj:^ tOiSbn^o Hexli, TaSHHi?0 
±#fC<t t>^ti*U 2. 0 nm^±T'IJI^-^iIlC 

[0 0 3 7] B 5 <7>«fi£^K«fietSb^:5S J PlCioV>-C. 
S($ 1 0 0ICI?$ 1 . 1 mm<??3--y^7 0 5 9*7 
^SK, TiaeiC3. OnmCOTa, » 1 7 U — EttJB 
1 0 2IC8. 0 nmON i 8l Fe l9 (a t %) , 
S104IC2. 8nm<30Cu, MRxy^y^i 10 5 
ICO. 4nm«OCo9oFe IO (a t %) , i^ficttil 
50 0 6 IC 2. 6 nm<7>N i S1 F e i* (a t %) . 
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@10 7lCS^(7)W4^^ o &mmi O S\Z\±T a 

&mm onm) oonm) t<nmm 

-gJH^^VNTtc TaftBI^NiMnM <K&8*tt 
B) i:!fc-f-5J:5fcffl^TfcS 0 KKBttl^&iSB 

gtC3 x l O* 6 t o r r<Z>Jtffi*l::*51^T\ 12! 2 2 \Ct^ 

*»&*ifc«M«S;*:B2 2 v^JxOESMSttB 

x»s»#$;h/C^5r So 7'J-SttlOHc 

&VM R Jt tt{£^jf a* ftv vl§^ <t ttg£ L ft t; 

[0 0 3 8] B 5 7iS0 1 2 ^afcSOffiS&SStSb**^ 
ICioU>-C. Sffc 1 0 0 1 . 1 mm<^3— — >1?7 

0 5 9^7^Ifi, ~FifcBl-3. OnmCOTa. §17 
! J — BSttB 1 0 2 l£ 8 . 0nmONi 8 iFe l9 (at 

%) . 12 7 y — fl£t£B l 0 3 \C 1 . 0nmC0Co 9O F 
e io ( a t %) , #flsttB 104IC2. 8 n m^C u . 

MRi V/^^B 1 0 5 tC 0 . 4 nmCOC o 90 Fe 

1D (a t %) , @;E^f£B 1 0 6 IC 2 . 6 nmCON i 8 i 
F e 19 (a t %) , K3£^t£B 1 0 7IC2 0 nmON i 
* 6 Mn 3 * (a t%) §iil0 8f:HTa§i 

B Onm) £:^K«BIJe (5 Onm) <kOSB"B 

O&JtB ®5-80Wt'iiNiMnl, HI 9 — 1 2 

otttliNiFei) i^i-^J:5tcfflv>rfo5 0 5 

\Z~tZ>ftZ>\Z s f&m&lC3 X 1 0" 6 t o r r ^JtffiffC 
*>M^"C\ 2 7 0°C, 5B#p B ^O^^m^Jf£LfCo -c^S* 
»fcJxfcB«H±*B2 3fc*W- 0 u^tio««<o»-frt 

[0 0 3 9] rti^co^}ggtSb^^^'>-^ 

[0040] *:*wtc«5Ki3«6Sta*^ll■r■*fflv^-clg 

^^fflu>7t 0 SS««fita**^i:L-CttTa Onm) 
/Ni 82 Fei8 (7nm) /Co 9 oFeio (1. On 
m) /C u (2. 5nm) /Co 9 oFeio (inm) / 
Ni«Mn 34 (2 Onm) /{£HB, £PRX&iCj;i9 

1 X l /i m O*& SlC/IDXLTJB^Tt. wtf^JafgSKcb 
^R^OSSSPlcS-f 9 tCC o C r P t ^MoTtl 

/uKliLtfiNiFe^i/^o wOe««fita*-tr 
^«:H3 0J:3*IE«W*— *fi^-/ KlcAaX&U^ 
CoCrTa^Sf£EI*±Cf- 

5 ^m, §#iX^L^r> s/^fiO . 2/im, IE^a^^ h 7 
s^Hlil. 0 vm, m&&&*c* y7'&0. 2 1 u m 
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B 2 4 Tllli 2 6 fC7F-f 0 fc*5, B2 4J!?Ii2 6 
• tt5S*f£*^£«aBi<a*tt£;»±B2 7 fc^-fig 9 
5. 

[0 0 4 1] &fc x .4:«nic««eAeft$b»SR?-«rffi 

V>TS2(OiKSegSia^:-tr>'-^^ffiiSL7t 0 r 

T*>— ^ KB i LTfiFeTaN, T¥ * s/ :/B <h LT 

ttT-t/u^r**-*^ «ftffiSt»*Sf-*i:LTtf:B 

5oi«tffl^fe 0 e«6«;s**ami, Ta On 

10 m) /NiwFeiB (7nm) /Co 9 oFeio (1. 6 
nm) /C u (2. 5 nm) /Co 90 Fei 0 (lnm) 
/Ni«Mns4 (2 Onm) /«»B*. PRXfilCi 

9 1 x 1 M mo*# £K:jtmxLT^7t 0 roasftjast 

a*K^rlc— aofi/^S i ?tCC oCrPt ^MoTSS 
B£SBL7t e l^tJ'/ItLT^r/^t, ±->- 
A- KB<h LTfiN i F e «rffll^fc 0 r OBftfifitSb** 
>1?-*:B3 0j; 3ftE»S£— #38^2/ KJc^DX&O 1 ^ 
7^^011, CoCrTa^^i»±l:r- 

3^Hi±l. 0 Mm, K^-ii^^-y f^liO. 2Um 
^ LfCo eftl£ft«C*0«B*tt2. 5kOe-CfcS 0 

0 2 8 7!;MB3 0 td^-f e /jt*5. B 2 8 7SSB 3 0 
** 3 £ ^>*t«SttB 2 7 9 

So 

[0 0 4 2] WcsMSWtaffiLTfMSftfcKSCfw 

3feO&^x-<*^£fii;i, ^SSIc^iy Ksiaa 

So KSf^ ^^OfSfStcti 6 flo^^ KasiERSixT 
u^S 0 K*B!iW-3fcto<Z>a — ^ y — T^^^j:— 
* t-rO!E»acf»J»igK, f'w^^lHlGffl^t'^ K/u 
B:^^-^^^^ixTV>5o f^^^Olg(i4 6m 
mt'fe^ f-^ittESl 0mm^f)4 0mmst^ 
{^ffli--5o Sftii^f— aK^«:ffl^\ i^-^@^^L 

40 So Ath^>r v^-^^^r^tc^ N ^tr>^^y^ 

«*U <EiSi$aaSS&5 ^&2 0 h^efflT' 
[0 0 4 3] 

±BJcaw*«aBS:»H'5r.i:fcJ:!9, E«»*^y 
KKiS^ttaxetc*^ SBS«SSt»** : r<oK<b4r 

so B*»6HffKttB^»Dsns+»**ft*»a-&e 
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RU=7y-8±t£JI<a+#/h$#ftffi;fi£teftL*:± 

[12] #^K#.£Sm«ft&&f!f^*fflv^«^lg 
[i3] *«lJBK4S51EiK}gffi»**^£/B^fce»S 

IBS] **WI=«S«*«fit»***4r*i-KiEB-C 
[i6] **M»c»*«*«tt»ilt*^«raH-»rBB-C 
IB 7] **M»c«SlK«lfiaa**^-«r*i-WriBB-C 

fo5o 

[B 9 ] **Wlc«SSS«fitt»**-?«rS*+WffiB-C 

[BlO] *«W»c«5Kft«fita**+-«r35+BrffiB 

T'feS, ' 

[an] **w»c«s«*«8t»JMK**s-m»B 

(Bl 21 *%nic{£Stt«*&ftajlHR?*;^-t1*rBB 
[Bl 4] *%INcffiSB«gSffi3)j|lS7-lc&l?S, ft 

BSoaa»cs*+s»»tt*'5*-*"B*"c*>«. 
[Bi 5] *£9iK:ffi&ttfte8t»JR#-rl;:**i*«, ft 

[Bl 6] *%Hk:ftS&«U&tt3b«£?-U:«rt-«, ft 
Is IS cDS3St^*f-*- 5 KWrtt €r*+B*-C 3b 5 . 

[bi 7] *«at;:tfsB&i&a&xs?-i=&ti-s. » 

[bi 8] 4:isn>cfiisesefiabj|L9f-?-{c«(te. ft 

[Bi 9] ^nizaseM&s&jMt-T-izjsfts, « 
»»««3ii=«H-sis«H±«rsH-B«-ea!> 5. 
[B2o] **wic««e*«sta**-T-i=*iW-*. « 

B*©«*fc*ti-51S«H£fc3W-B*-e*>5. 

[B2 1] *«miza&Bftfgtt3bJ&ff?-<£«ttS. ft 
»JBo«a»-*H-*»»tt4rSH-B*"C*»*. 

[B2 2] *«9il=ffiStt5S!gffi&*S?-fc£;tf£. 5 
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Sft«ttBO««C*t+6*«»ttfr*-*-B*-e*>S. 
[123] *8Hlctf«tt*«tt»*S-?-l::*;ttS. B 
5 7JSE1 2 0«USk:«i-«»«Ht«r*+B«-C*>6. 

[124] Bio««S6ta*-fe^iMc*iit6, esssig 
SC!b*«^oaafcic*H-*l«»tt**i-B«-cfc*. 
[B2S] Bl««551i«ta*-fe>-!Mc*ilt«, B£$C}g 

tt»*»^ ©«Wc»c*H-a**H*«r*-fB»'C& *• 

[126] BiwKiiiaKabjR-fe^ihfcjBit*, k^is 
a3»flae^-o«incK»i-5HfKHi«r*-*-Ba-e*)«. 

10 [12 7 ] B2 475SB2 6X^12 8 75MB 3 0 \Z}S 
»t«, Kf»*i:*BJii©»««:*-*-B«-efea. 

[12 8] i2 03ffisc«fita*-fc^-9-{c*stt5, esg 

806**^-©«8Hc»c*H-*»»tt«r*-#-B*-C*>5. 

[12 9] 0 2O«£«JgSt»*ir^iHc:*;»*<S, 

, 8B»jiai^«5«afc»c»+«»«Ht*s*i-B*-c?fcs. 
[130] B2©««»etsb*-fei'i>-K*s^5, mim 

gta^^as(cfc*r-rs^«Fft«r^B^T-fcs 0 

[ff*o«Wl 

l , 11 Sffi 

20 2.1 2 Tv'— A- Kg 

3, 13 T*r*V-?m 

4, 14 gi^r^i 

5 , 15 TSffi® 

6 , i6 mis.m.m : ®mm* 

8,18 ±¥-\r 
9. 19 ±->— Kg 
4 0 S&JK 
4 1 a-fA- 

30 4 2 e-«esta**-¥-*s 

4 4 fifth? yftg 

4 5 SKSffiO)**-?- 

5 0 g£ 

6 4 mttfaibOffitl&.R 

8 i @£f£i4Jieffc 

8 2 7 y -B£fflIB*ffc 

8 3 AB SI 

9 0 ^y^?^^- 

9 1 e^l£g:^» 
40 1 0 0 £{£ 

10 1 Tl&g 
10 2 I17U 

103 ^2 7'J-Kt±® 

1 0 4 #B*i£g 

10 5 MRi^Ay^g 

1 0 6 @£f£ttJI 

1 0 7 E&ettg 

i o s &m® 
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mi) 



9C±i/-n/KB) 

5 4(tt;M7X|) 



[13] 




[B2l 



19 



16 



14<»t-f73il) 





[B5] 



-108<S*g) 
^/•107C£««feB) 



/X X // /// / 

//// ////// — 105(MRX>A>*» 
///// X X X — 1Q2(fH7'J-BHtl 



[i8] 




r ,,,,,, s^,^™ 



t 
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[Hi 1 ] 



imi 2) 



[01 3] 



V //////// 



108 
---102 





[[^17] 



WW© 


,7 9- m 


MRU: H«x 


ma 


He 




(Oe) 




(Oe) 






s t ■** 


I. o 


3. 0 


S 2 0 


s { a<t* 


1. 0 


2. D 


5 3 0 




0. 9 


3. 1 


6 2 0 




0. 9 


3. 1 


6 4 0 




0. 0 


3. 0 


5 5 0 




0. 0 


2. 9 


5 4 0 




1 . 0 


3. 2 


5 20 












0. 0 


a. l 


5 30 


a** 










0. 9 


3. 2 


5 1 0 




















li20] 






AtfltttJIKJ? 




UR£ 


K «* 


(nerd 


He 


(X> 


COe) 




(Oe) 






0 


1. 0 


2. 7 


2 70 


1 0 


0. 8 


3. 0 


3 70 


20 


1. o 


3. 1 


5 1 0 


30 


o. a 


3. 1 


590 


40 


1. o 


3. 3 


6 1 0 


5 0 


o. e 


3. 1 


82 0 


TO 


o. « 


3. 2 


6 1 0 


10 0 


o. a 


3. I 


03 0 



mm com) 


hjt 

<t> 


Kc 


MRS 
©0 


Ho 
(0«) 


H iMa 
20 


270 


1. 0 


1. 7 


tTO 


NlUnCr 
20 


270 • 


I. 2 


e. 6 


850 


PtUn 
1 8 


250 


0. B 


3. 8 


340 


] run 
1 T 


230 


0. 8 


4. 2 


3 80 


P LPdUo 
26 


230 


0. 7 


4. 3 


3 7 0 


ShWn 
1 8 


230 


0- 7 


4. 1 


3 90 



[Hi 8] 





7V-I 


MRtt 


Hex 


urn 


He 




(H) 


(Oe) 




(Oe) 








Tm 


1. 


0 


3. 


0 


8 20 


Ht 


0. 


9 


3. 


2 


8 50 


Z r 


0. 


9 


3. 


I 


580 


W 


1. 


0 


3. 


2 


620 


Cr 


1. 


1 


3. 


0 


5 60 


T i 


0. 


8 


2. 


9 


080 


Mo 


0. 


9 


3. 


0 


5 7 0 


Ft 


1. 


0 


3. 


1 


580 


N I 


1. 


0 


3. 


1 


S 1 0 


I r 


0. 


9 


3. 


0 


6 3 0 


Cu 


0. 


9 


3. 


0 


620 


AS 




) 


3. 


2 


590 


Co 


I. 


0 


3. 


0 


6 20 


ZD 


1. 


2 


3. 


J 


630 


RQ 


0. 


fi 


3. 


O 


600 


Rh 


0. 


9 


8. 


9 


630 


Re 


1. 


3 


3. 


1 


500 


AU 


1. 


0 


3. 


2 


570 


Oft 


0. 


9 


3. 


1 


sao 


Pd 


c. 


9 


3. 


0 


s a o 


Mb 


1. 


0 


3. 


I 


8 L 0 


V 


1. 


t 


3. 


2 


850 


Y 


0. 


9 


3. 


I 


640 



t 
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[01 4] 



K£ (nm) — 

»» 

I 


i. 0 2.0 3. 0 5. 0 7.0 1 0. 0 


T i 


0.9 0.9 1.0 0.8 1-0 0.9 
2.8 2.8 2.7 2.G 2.5 1.9 
310 450 510 540 570 600 


V 


1.0 1.1 0.9 0.9 1.0 1.1 
2.9 2.9 2.7 2.6 2.4 1.8 
300 460 510 520 570 590 


C r 


1.1 1.0 0.9 0.8 1.0 1.0 
2.8 2.8 2.6 2.5 2.5 1.7 
290 440 500 530 530 600 


C o 


1.1 0.8 0.9 0-9 1.0 1.0 
2.7 2.7 2.G 2.5 2.4 1.9 
270 460 520 560 570 610 


Cu 


0.9 0.8 1.0 0.9 0.9 1.0 
2.9 2.8 2.7 2.6 2.5 1.6 
280 450 490 510 550 590 


Z n 


1.0 0.9 1.0 1.0 1.0 0.9 
2.9 2.7 2.7 2.6 2.3 1.9 
300 420 490 550 580 600 


Y 


0.8 0.9 0.8 1-0 0.9 0.9 
3.1 3.0 3.0 2.7 2.6 1.8 
270 430 500 530 570 590 


Z r 


0.9 0.9 1.0 1-0 0.9 1.0 
3.0 3.0 2.8 2.6 2.5 1.6 
280 460 510 550 550 580 
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1^1 5] 



(nm) — 

1 
* 


1.0 2.0 3. 0 5. 0 7. 0 1 0. 0 


Nb 


0.8 1.0 0.9 * 0.9 1.0 1.1 
3.1 IS 2.7 * 2.6 2.3 1.5 
250 440 500 510 580 590 


Mo 


1.0 1.0 0.9 1.0 0.9 1.0 
2.9 2.8 2.7 2.6 2.5 1.8 
270 430 510 520 540 570 


Tc 


0.8 . 0.9 0.9 1.0 1.1 0.9 
3.0 2.8 2.7 2.6 2.4 1.7 
260 450 520 550 570 600 


Ru 


1.0 1.0 1.1 0.9 LO 0.8 
2.9 2.9 2.8 2.7 2.5 1.7 
260 430 490 550 570 590 


Rh 


0.9 1-1 0.9 1.0 1.0 0.9 
2.8 2.7 2.7 2.5 2.5 1.6 
280 460 510 550 580 610 


P d 


1.0 1.1 1.0 1.0 0.9 0.9 

3.1 3.0 2.7 2.7 2.6 1.9 
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